Background. More than 50% of children in Nepal are malnourished. Economic growth and poverty reduction are not always sufficient to improve the health and nutritional status of children. Heifer Nepal uses livestock training as a tool for community development and poverty alleviation but does not directly address child health and nutrition.
Introduction
Malnutrition afflicts more than 200 million children throughout the world and is responsible for 50% of deaths of children under 5 years of age [1] . Although the links between nutrition, health, and poverty are well established, recent theoretical and practical work in developing countries has conclusively shown that economic growth and poverty reduction are not sufficient to improve the health and nutritional status of children [2] [3] [4] [5] [6] . Although improved nutritional status of a population at large can fuel its economic growth, the link between economic prosperity and human development is neither automatic nor obvious [6] . Although agricultural growth positively impacts the income of the poor, its effects on nutritional outcomes are less clear [7] . Cultural, educational, medical, and environmental factors may impede nutritional recovery even when economic conditions improve. Direct agricultural interventions have also been difficult to link to improved child nutritional status [7] . Recent systematic reviews of the links between agricultural interventions and nutritional outcomes have highlighted the complexity of these relationships [7] [8] [9] [10] [11] [12] [13] and the need to improve understanding of these connections [7] . For example, introduction of new occupations or sources of income may favorably affect food availability but may decrease the amount of parental time available to care for children [14, 15] , increase the work (and caloric) requirements of children, introduce zoonoses into the household, or divert income or household expenditures to nonfood items [8] . Less is known about the effects of agricultural interventions and economic growth on child nutrition when these actions occur within a holistic program that supports the development of social capital as well as economic prosperity [11] . Programs that emphasize the role of women tend to enhance nutritional outcomes [7] . However, in Webb Girard's systematic review of 36 articles, effects on child nutritional status were not significant in the 4 studies that addressed this outcome [12] , although better nutritional outcomes were found in children whose families participated the longest (Malawi and Bangladesh) and in programs that had the most components (Bangladesh) [12] . However, only rarely are such activities assessed systematically and rigorously [10] . Understanding these interactions could strengthen the quality of community development assistance to the rural poor throughout the world, allowing more precise targeting of development interventions to benefit the health and nutritional status of community children [7] .
Heifer Project International is a globally active nongovernmental organization (NGO) with over 400 projects in 75 countries [16] . The organization uses the introduction of livestock and related training as tools for poverty alleviation, citizen empowerment, and community development. Heifer Project International activities focus on the distribution of livestock and training to rural women's groups, with an emphasis on income generation. These activities occur within the context of a strong focus on the development of social capital, specifically citizen empowerment, values training, social mobilization, microcredit, and enterprise. However, the effect of these activities on the health and nutritional status of children in these communities is unknown, and these targets are not specifically addressed by Heifer programs. Therefore, we conducted a comprehensive assessment of the effects of the introduction of an integrated income-generating community development project on child nutrition and health in rural Nepal. We also assessed the effectiveness of Heifer programs in improving household income and socioeconomic status, since these characteristics could also affect child outcomes.
Nepal was selected as the study site, as this country ranks 59th highest in the world for mortality among children under 5 years of age, with 50 of 1,000 children dying before their fifth birthday and 41 of 1,000 infants dying before their first birthday [17, 18] . Annually, more than 35,000 children die before the age of 5 years.
The nutritional status of Nepali children is extremely poor, with 29% to 39% of children underweight, 41% to 49% stunted, and 11% wasted (with weight-for-age, height-for-age, and weight-for-height z-scores, respectively, < -2 SD from the median) [17, 18] . Typically, underweight reflects both acute and chronic food shortages, stunting reflects suboptimal health and/or nutritional conditions such as illnesses or inappropriate feeding practices, and wasting reflects acute starvation, severe disease, or chronic unfavorable conditions [19] .
Methods

Study design
This 24-month, longitudinal, randomized, controlled field trial was approved (Reference #845, Renewal #1496) and overseen by the Nepal Health Research Council, the organization responsible for oversight of research involving human subjects in Nepal [20, 21] . Following the guidelines of this organization, oral consent to participation was obtained at the initiation of the study and again from each respondent at each household visit. Each household was assigned a code, and the data from the survey results were deidentified and entered into a password-protected database using this code.
The study was conducted in three districts of Nepal (Chitwan, Nawalparasi, and Nuwakot) within areas in which Heifer International planned to introduce field activities. Chitwan and Nawalparasi are both Terai regions, and Nuwakot is located in the hill region. The Terai is the fertile, flat plain of Nepal. It is intensively farmed, whereas agricultural practice in the hills region (from about 2,000 to 10,000 feet [about 600 to 3000 meters] of altitude) relies more on grazing animals [22] . The Terai is densely populated, whereas the hills population is less dense. The distribution of castes and cultural groups varies among these agroecological zones; these groups have different dietary practices [23] . Both areas are largely populated by low-income subsistence farmers. Heifer field activities are provided to specific areas at the request of local NGOs within rural communities, which are defined geopolitically in Nepal as Village Development Committees. A waiting list of interested communities is maintained for each district. For the purposes of this study, three pairs of comparable interested communities in each district were identified, based on geographic location (including altitude), size, local natural resources, employment opportunities, availability of health care, type of agriculture practiced, and other demographic features (predominant castes, family income and educational levels). Paired communities were selected and randomly assigned to receive Heifer development activities either first (intervention communities) or second (control communities). Thus, intervention communities participated in Heifer activities beginning after the baseline survey; these activities continued through the entire 24 months. Control communities participated in Heifer activities beginning after 12 months; these activities continued from months 12 to 24 ( fig. 1) . Heifer remains actively involved in both the intervention and the control communities; the only difference is the date their involvement began in these two groups. The incorporation of a control group was deemed necessary to account for fluctuations in socioeconomic conditions and other factors in the area unrelated to Heifer activities. The intervention and control communities were nonadjacent to minimize spillover effects.
In each community, local leaders were invited to serve on an advisory panel and as liaisons to the population about the project activities. Data collection was performed by a local field research NGO (the Nepal Technical Assistance Group) that was not connected to Heifer. Nepal Technical Assistance Group field supervisors monitored the performance and activities of the field enumerators and conducted daily reviews of the data collection. This allowed rapid identification and correction of errors and omissions. The enumerators were trained at the beginning of the project with 4 days of orientation to the project, followed by field pilot testing in three villages not included in the project sites, and ongoing quality control activities to monitor and maintain interobserver reliability.
Families within participating Village Development Committees were invited to enroll in the study. Each family was visited five times over 24 months at 6-month intervals, with some minor adjustments due to monsoon or other difficulties interfering with travel. The families were visited by field enumerators who were blinded at baseline as to the assignment of the Village Development Committee as intervention or control. The field enumerators traveled in pairs to conduct the visits, during which a 125-item questionnaire was completed with the female head of household or her designee. The questionnaire was based on standardized tools developed by Measure DHS, specifically the version used in the Nepal Demographic and Health Survey conducted by the Government of Nepal and published in May 2007 [24] . At all five time points, data collection also included anthropometric measurements and health information on all enrolled children.
Participants
In accordance with the guidelines and approval of the Nepal Health Research Council, informed verbal consent was obtained prior to each family visit. At each visit, the participants were reminded that they could withdraw from the study, discontinue the study visit, or decline to answer any or all questions at any time. All members of each participating family were enrolled in the study. Children aged 6 months to 8 years who resided in participating families were considered within the target ages and were assessed in detail as part of the investigation. The age group of most interest was that from 6 to 60 months, as these children have the highest risk of morbidity, mortality, and nutritional compromise, combined with the highest likelihood of nutritional rehabilitation (children under 6 months of age were likely to be completely breastfed and were excluded from the study). However, young school-aged children (ages 5 to 8 years) were also assessed, since underweight, short stature, and stunting are common in this age group, and other measures such as school attendance and global health could also be assessed. Child age was determined by inspection of the birth certificate. Children who "aged in" to the entry criteria were enrolled in the study at the first visit at which they were eligible. Children who "aged out" of the study were followed for the duration of the study; findings obtained after 8 years of age from this group of children were analyzed separately. Children with physical or neurologic handicaps that prevented ingestion of a normal diet for age or children with severe intercurrent illnesses at the time of survey were excluded.
Household characteristics
Demographic information was collected on each household, including socioeconomic status, animal ownership, annual income, and amount of land owned. The scores for socioeconomic status were largely based on household possessions and quality of housing (such as toilet and water facilities); these scores were calculated using DHS-Nepal guidelines [17] . Animal ownership, annual income, and amount of land owned were also considered important indicators of household wealth, so this information was also collected. The number of animals owned was converted to a standardized score using FAO Global Livestock Units [25] .
Anthropometry
The primary outcome of the investigation was child growth, specifically weight, height, head circumference, and mid-upper-arm circumference (MUAC), and changes in these measurements over time. Weight was measured with Seca 354 electronic scales accurate to 10 g. Before each measurement, all scales were calibrated using standardized weights. Supine lengths were obtained for children 3 years of age or less and standing heights for those over 3 years of age. Standing height was measured with a portable Seca 213 stadiometer accurate to 1 mm, with the child barefoot and with the head in the auriculo-orbital plane. Supine lengths were measured with a Seca BabyMat 210. Head circumference was measured with disposable paper tapes at the maximum occipito-frontal measurement. MUAC was measured with disposable insertion tapes accurate to 1 mm (Harlow Printing) midway between the tip of the olecranon and acromion processes. Each measurement was obtained twice and the results were averaged. If the results were more than 5% discrepant, a third measurement was obtained. The results were converted to z-scores (height-for-age z-score [HAZ], weight-forage z-score [WAZ], weight-for-height z-score [WHZ]) using Anthro and Anthro Plus [26] . The prevalence of underweight (WAZ < -2), stunting (HAZ < -2), and wasting (WHZ < -2) was determined according to World Health Organization standards [27] .
Child health
Morbidity related to fever, diarrhea, or respiratory symptoms was a secondary outcome of the investigation. These symptoms were selected as reflecting the most common illnesses in this pediatric population. These problems were assessed in two ways. First, a health score was calculated by assigning points for the presence (1 point) or absence (2 points) of each of these symptoms during the previous 2 weeks for each child. Thus, a child who had experienced all three symptoms-diarrhea, fever, and respiratory symptoms-would have a health score of 3; if none of these symptoms had occurred, the score would be 6. Second, the number of days the child was ill with each of these symptoms within the previous 2 weeks was also recorded. The presence of symptoms was determined by standardized interview with the child's parent (usually the mother).
Intervention
The intervention consisted of a 12-month program of participatory community development activities led by Heifer field staff and specifically tailored for the situation in rural Nepal (for more details see Heifer International [16, 28] ). The Heifer training curriculum is focused on tools for poverty alleviation, citizen empowerment, and community development, with a strong focus on optimization of livestock management. Notably, the Heifer training curriculum does not specifically address child nutrition or health. These activities are based in women's self-help groups (sometimes involving other family members) that meet biweekly with a trained facilitator. These meetings are supplemented by specific interactive instruction, workshops, guidance, and training. Over the course of about 1 year, the Heifer program is designed to build community and self-reliance, using training based on its guiding principles, the 12 Cornerstones. These cornerstones have specific training modules devised to encourage accountability to and full participation of the community, sharing resources, using sustainable agricultural practices (including reforestation and use of tree-saving biogas), improving animal management (addressing animal health and husbandry, integration of livestock into the ecosystem, and improvement of the environment), increasing household income, encouraging gender awareness (focusing decision-making on benefits for the family), and planning for the future. At the conclusion of the first year of involvement in these activities, two goats were donated to each participating family, with the proviso that these first recipients pass on the gift to their neighbors. Acceptance of this gift requires the recipients to agree to provide the first female offspring of the donated goats-as well as associated knowledge-to another group member. Passing on the gift thus forms a basis for further strengthening community bonds over time, as well as a sustainable means of spreading the donated livestock throughout the community. Cornerstones training ensures self-help practice in community members on a broad range of socioeconomic issues.
Statistical analysis
The original trial sample size was calculated to detect a difference of > 0.25 in mean WAZ with a power of 87% and a two-sided significance level of .05. Data were entered and analyzed with JMP 8.1 and Stata, version 12.0. For some analyses, children were assigned to groups based on chronological age. The age groups were based on clinically relevant segments: 6-12, 13-24, 25-36, 37-60, and > 60 months. Analysis was conducted at the community, household, and individual levels, starting with a descriptive analysis of the variables, including t-tests and analysis of variance (ANOVA) with Bonferroni post hoc tests to correct for multiple comparisons, followed by a series of chisquare tests and correlations to assess collinearity. Dependent variables were evaluated with histograms to verify normal distribution. Mixed-effect regression models (using the Stata command "xtmixed") were utilized to predict the three anthropometric z-scores (HAZ, WAZ, and WHZ), with child's age, child's sex, household location (Terai or hills), household animal score, and time period of exposure to the intervention as fixed effects, and with data time point and child as random effects.
The health score and the number of ill days were also assessed for these intervention and control groups. Child outcomes were also analyzed in relation to secondary variables, including household socioeconomic status, number of household members, number of household wage-earners, number and sex of all children in the family, as well as child's sex, birth order, and health (receipt of vitamin A supplement and deworming within previous 6 months).
The Terai and the hills represent different agroecological regions. Thus, in addition to the analyses for the intervention and control groups, data from these regions were analyzed separately to determine if important differences were present.
Results
Participants
Overall, 2,994 individuals from 415 families (201 intervention, 214 control) were enrolled. There were 1,469 males and 1,508 females; sex was not recorded for 17 subjects. Ages ranged from newborn to 92 years. There were 607 children (305 male and 302 female) within the target age range of 6 to 60 months. The number of household members enrolled ranged from 6.7 ± 2.82 (mean ± SD) at baseline to 6.50 ± 2.70 at 24 months. Among the 631 women between 15 and 45 years of age, pregnancy and lactation status varied during the course of this longitudinal study. At the times of the five different surveys, between 4 and 11 women (range, 0.6% to 1.7%) were pregnant, between 13 and 22 (2% to 3.5%) were lactating, and between 15 and 61 (2.4% to 9.6%) were both pregnant and lactating.
In the Terai region, there were 1,952 individuals (982 male, 959 female, 11 with sex unrecorded) enrolled from 122 families in Chitwan (66 intervention, 56 control) and 150 in Nawalparasi (70 intervention, 80 control). In the hills, there were 1,042 individuals (493 male, 543 female, 6 with sex unrecorded) from 143 families enrolled in Nuwakot (65 intervention, 78 control). There were 368 children from the Terai and 239 children from the hills.
Household characteristics
Socioeconomic status, annual income, and amount of land owned did not differ between households in the intervention and control communities at baseline. However, animal ownership was greater in the control households than in the intervention households (2.42 ± 0.13 vs. 1.71 ± 0.12, p < .0001). These household characteristics (socioeconomic status, annual household income, and the amount of land and animals owned) improved over time for both the intervention and the control communities, indicating improved prosperity for both intervention and control communities in these districts (table 1) . However, some differences were noted between these communities over time.
Socioeconomic status
Socioeconomic status was calculated using DHS-Nepal guidelines [17] . No difference was found in socioeconomic status between the intervention and control households at baseline. However, by 24 months (24 months of Heifer activities for intervention households and 12 months of Heifer activities for control households), socioeconomic status had increased more in the intervention group than in the control group (+0.95 vs. +0.72, p = .04; data not shown). 
Income
Annual household income did not differ between the intervention and control groups at baseline. Between baseline and 12 months, total household income and income per household member tended to increase in the intervention group more than in the control group ( In addition, the intervention families were more likely to be selling produce from their kitchen gardens by 12 months (35% vs. 16%, p = .0005) and 24 months (52% vs. 34%, p = .004) (table  1) . Thus, both groups made substantial gains in income coinciding with their participation in Heifer activities.
Land and animal ownership
Land ownership did not differ between the intervention and control groups at baseline, 12 months, and 24 months. Animal scores were standardized using FAO Global Livestock Units [25] ; control households had a higher mean score (± SE) for animal ownership than intervention households at baseline (2.42 ± 0.13 vs. 1.71 ± 0.12, p < .0001), 12 months (2.43 ± 0.12 vs. 1.95 ± .12, p = .005), and 24 months (2.59 ± 0.15 vs. 2.13 ± 0.15, p = .038).
Analysis by region: Terai and hills
Because of the agroecological differences between the Terai and the hills regions, a preliminary analysis was conducted to evaluate trends in socioeconomic status, income, and ownership of land and animals over time. Notably, socioeconomic status was significantly greater at all three time points in the Terai than in the hills (baseline, 1.86 vs. 1.31, p < .0001; 12 months, 2.40 vs. 1.91, p < .0001; 24 months, 2.72 vs. 2.28, p = .0002). Total income per household did not differ, but when divided by the number of household members, income tended to be higher in the Terai than in the hills (11,771 vs. 10,229 NPR, p = .06). There were no differences between the groups in land ownership at baseline or at 12 months, but at 24 months the hills families owned more land than the Terai families (4,294 vs. 2,951 m 2 , p = .02). Moreover, animal scores were significantly higher in the hills at all three time points (baseline, 1.61 vs. 2.87, p < .0001; 12 months, 1.85 vs. 2.83, p < .0001; 24 months, 2.09 vs. 2.92, p = .0004). Because of these important differences, additional analyses included separate consideration of the effect of the intervention in these two distinct areas.
Household characteristics: Terai and hills
Socioeconomic status
Socioeconomic status increased more in the intervention than the control group from baseline to 12 months (+0.62 vs. +0.39, p = .04), from 12 to 24 months (+0.39 vs. +0.16, p = .04), and from baseline to 24 months (+1.03 vs. +0.55, p = .0006) (table 2). The Terai intervention group had almost double the increase in socioeconomic status score than the control group at both 12 and 24 months. There were no changes in socioeconomic status related to the intervention in the hills region.
Income
In the Terai region, income showed a trend to increase more in the intervention than in the control group during the first 12 months (table 2) . Mean income per household member was also greater by 12 months in the intervention group (15,520 vs. 12,729 NPR, p = .02); income per household member increased significantly more in the intervention group during this time (+6,712 vs. +2,589 NPR, p = .02) (table 2). During the second year of the study (the first year of Heifer activities for the control group), total family income increased more in the control group (43,824 vs. 88,013 NPR, p = .01). Income per household member was no different in the intervention and control groups by 24 months in the Terai. In the hills, income per household member did not differ between the intervention and control groups at baseline, 12 months, or 24 months.
Land and animal ownership
In the Terai, land ownership did not differ between the intervention and control groups at baseline, 12 months, or 24 months. In contrast, animal scores increased more in intervention families during the first 12 months of the study than in the control families (+0.28 vs. -0.01, p = .04) (these data were collected prior to the donation of goats to intervention households by Heifer). However, animal-ownership scores were greater in the control group than the intervention group for all survey times (baseline 1.42 vs. 2.22, p=.0006; 12 months 1.6 vs. 2.40, p=.0081; 24 months 1.53 vs. 2.42, p=.0008). In the hills region, there were no differences in ownership of land or animals between the intervention and control groups.
Child nutrition: Effect of participation in Heifer programs
As expected, malnutrition was prevalent in these regions. No differences were found at baseline between the intervention and control groups in WAZ, HAZ, WHZ, or MUAC-for-age z-score (MUACZ). Overall, z-scores were < -2 in 32% of children for height (stunting), 48% for weight (underweight), 24% for weight-for-height (wasting), 53% for head circumference (microcephaly), and 22% for MUAC (table 3A) .
The percentage of children with z-scores < -2 did not differ between the intervention and control groups at baseline or at any of the other study points. There were no differences between the intervention and control groups in mean WAZ, HAZ, WHZ, or MUACZ at any time point. However, for children from 6 to 60 months of age, improvement was significantly better in the intervention group than in the control group for HAZ (baseline to 12 months, p = .03, and baseline to 24 months, p = .02) and WAZ (baseline to 24 months, p = .01) ( fig. 2) . For children from 6 to 60 months of age in the Terai, HAZ increased more in the intervention group than in the control group from baseline to 12 months and from baseline to 18 months (both p = .02), whereas WAZ increased more in the intervention group than in the control group from baseline to 6 months, from baseline to 12 months, and from baseline to 18 months (p = .05, p = .04, p = .02, respectively) (fig 3) . For children from 6 to 60 months of age in the hills, there were no differences in HAZ between the intervention and control groups over time. However, between the 12-and 24-month surveys, children in the hills intervention group had a greater increase in WAZ (+0.27 vs. -0.13, p = .01) and a lesser decrease in WHZ (-0.05 vs. -0.41, p = .009) than children in the control group.
Growth: Multiple regression analysis
Next, we conducted several multiple regression analyses to account for the many factors that might contribute to child nutritional outcomes, including sex, birth order, group assignment, location (Terai vs. hills), household size and number of children, percentage of literate women in the household, female-headed household, and baseline socioeconomic status, income, and animal and land ownership. In the most parsimonious model, we analyzed changes in z-scores (HAZ, WAZ, and WHZ) between baseline and 12 months, FIG. 2. Mean change in height-for-age z-score (HAZ) and weight-for-age z-score (WAZ) for children in intervention (gray) and control (black) households, from baseline to 12 months and from baseline to 24 months. Children in the intervention households had more improvement in HAZ over both time intervals than children in control households. Children in intervention households had more improvement in WAZ from baseline to 24 months than children in control households HAZ, height-for-age z-score; HCZ, head circumference-for-age z-score; MUACZ, mid-upper-arm circumference-for-age z-score; WAZ, weight-for-age z-score; WHZ, weight-for-height z-score baseline and 24 months, and 12 months and 24 months, controlling for group (intervention or control), sex, age (as a continuous variable), and baseline animal score (this was kept in the model as it differed significantly between the intervention and control groups). Assignment to the intervention group was a significant predictor of improvement in HAZ from baseline to 12 months compared with control (table 4) . Male sex and/ or older age of the child also predicted improvement in HAZ from baseline to 12 months.
Effect of duration of participation in the Heifer program
We then assessed growth measurements in relation to the length of time that families participated in Heifer activities (table 5) . In this analysis, longer participation with Heifer was associated with better HAZ (p < .0001): children in families who started the intervention at baseline had significantly more linear growth than children in families who received the intervention at 12 months. Younger children had better HAZ (p < .0001). In addition, children residing in the Terai had significantly better HAZ and WAZ over 2 years (both p < .0001).
Other effects of the program on growth of children
We recognized that a subset of children had decisive changes in their growth patterns, either positive (> +1 SD, designated "superior growth") or negative (< -1 SD, designated "inferior growth") between baseline and 24 months. The percentage of children with superior growth was greater in the intervention group for WAZ (p < .05) ( fig. 4) , while the distribution of children with inferior growth did not differ between the intervention and control groups (data not shown).
Child health Illnesses
Health issues (fever, diarrhea, respiratory illnesses) occurred in many children in the 2 weeks prior to each survey (table 3A) . The frequency of these conditions and the number of ill days did not differ between the intervention and control groups at any time. Health scores were related to age, with the worst health scores in younger children (table 3B) . Health scores generally improved over time; 69% of children had no symptoms to report within the previous 2 weeks at the 24-month data collection, compared with 55% at baseline (p = .03).
Medications
Other health indicators were also evaluated. The proportion of children who received medicine or oral rehydration salts (ORS) in the prior 2 weeks was greater in the control than the intervention group at baseline (p = .004 and p = .001, respectively), although the prevalence of diarrhea was similar in the two groups. Likewise, the control group children were more likely to have been dewormed recently when this was asked at 24 months (intervention 61% vs. control 73%, p = .002), suggesting the possibility that the control group had better access to or more use of medical care throughout the study period. Children who had been dewormed were less likely to report recent diarrhea (dewormed with diarrhea vs. dewormed without diarrhea: baseline, 7% vs. 93%, p = .002; 12 months, 8% vs. 92% , p = .03; 24 months, 10% vs. 89%, p = .005).
Household health practices
Other household practices related to health were also assessed (table 1). The location of the water source was improved in the intervention group from baseline to 24 months; the percentage of households with a tap inside their compound increased from 12% to 28% (p = .0004). Also, by 12 months, households in the intervention group were more likely to treat their drinking water to improve its safety (12% vs. 5%, p = .008) and have a toilet in their home (40% to 70%, p = .004). Moreover, by 12 months, people in the intervention group were more likely to use soap to wash their hands after changing a baby's diaper (p = .01) and to use iodized salt in the household (p = .01). By 24 months, 100% of both control and intervention group families were following these practices.
Child health: Terai and hills Illnesses
Health scores did not differ between the intervention and control groups in either the Terai or the hills. In the Terai, there was no difference in the number of recent sick days at baseline between the intervention or control group. However the intervention group had fewer sick days at 12 months (p = .03) and 24 months (p = .05). The number of sick days among children residing in the hills did not differ between the intervention and control groups.
Medications
In the Terai, medication use differed between children in the intervention and control groups. At baseline and again at 24 months, use of ORS within the past 2 weeks was reported more often by control families (baseline, 8% control vs. 3% intervention, p = .02; 24 months, 13% control vs. 5% intervention, p = .005). In addition, in the Terai, control children were more likely to be dewormed than intervention children at baseline (85% control vs. 76% intervention, p = .02), but this difference was not seen at any other times. There were no differences in the use of oral medication or vitamin A. In the hills, children in control households received more medications than intervention children. Specifically, control children more often received oral medications (24% control vs. 9% intervention, p = .003) and ORS (9% control vs. 2% intervention, p = .02) at baseline, deworming medications at 12 months (94% control vs. 80% intervention, p = .005) and 24 months (100% control vs. 91% intervention, p = .007), and vitamin A at 24 months (89% control vs. 54% intervention, p < .0001).
Household health practices
Household health practices showed differences between the intervention and control groups when analyzed by region. In the Terai at baseline, intervention households were more likely to have a private water source (34% intervention vs. 18% control, p = .0005), but control households were more likely to have a private toilet (50% intervention vs. 78% control, p = .0001). In the Terai, people in intervention households were more likely to use soap for handwashing after changing a baby's diaper (41% intervention vs. 24% control, p = .01) and to use iodized salt (89% intervention vs. 75% control, p = .006). At 12 months, Terai intervention households again were more likely to have a private water supply (39% intervention vs. 27% control, p = .01) and were also more likely to treat their drinking water (16% intervention vs. 4% control, p = .004). At 24 months, the Terai intervention households again were more likely to have a private water supply (51% intervention vs. 31% control, p = .003), whereas control households were more likely to have a private toilet (86% intervention vs. 95% control, p = .02).
Fewer differences in health practices were seen between the intervention and control groups in the hills. There were no differences at baseline. At 12 months, intervention families in the hills were more likely to have a private toilet (45% intervention vs. 18% control, p = .002). At 24 months, intervention families in the hills were more likely to treat their water (7% intervention vs. 0% control, p = .04), whereas control households were more likely to use iodized salt (93% intervention vs. 100% control, p = .03).
School attendance
School attendance increased from about 50% at baseline to about 75% at 24 months for children 6 to 8 years of age; the amount of increase did not differ between the intervention and control groups. There were no differences by region.
Discussion
This longitudinal, randomized, controlled trial investigated the impact of an integrated community development program on the health and nutritional status of rural children in Nepal. The intervention did not specifically address child health or nutrition but promoted social capital in the context of livestock development. The effect on child nutrition of community development activities that promote economic growth via agricultural interventions is controversial. Although improved socioeconomic status could improve nutritional status by creating a healthier environment (with more access to medical care, clean water, and sanitation [9] ), increased household income may not always be directed toward child health needs or providing optimal foods for children [12] . Agricultural strategies will have limited impact on malnutrition if the disease burden is high and the health infrastructure is weak [12] . Other factors, such as food processing, preparation, and intrahousehold allocation, must also be considered [13] .
Promotion of animal production has been considered one way to increase consumption of animal-source foods, thereby enhancing nutritional status. Although such programs are generally effective in increasing household income, the impact on child nutritional status has been less consistent. Leroy and Frongillo systematically reviewed 14 studies addressing animal production and nutritional status [8] . In general, household income increased, as did expenditures on nonfood items as well as women's workload. Dietary intake improved in 10 of 13 studies where this was measured, particularly in programs with integrated components. Child nutritional status improved in the four studies in which specific evaluations of micronutrient status were done (vitamin A, prevalence of irondeficiency anemia, etc.). Growth was directly assessed in only one of the reviewed studies, and no improvement was seen. Similarly, in 23 studies systematically reviewed to evaluate the effectiveness of agricultural interventions on child nutritional status, little evidence was found to support this relationship [9] . A lack of statistical power in most of the studies likely compromised the analysis of growth results; an effect may exist but be difficult to detect. More diverse diets-which may result from agricultural improvements-are associated with better nutrition and growth [29] , but these positive effects may be diluted by illness, suboptimal care, and feeding practices [10] . Simply increasing the availability of animal-source foods, for example, may not improve malnutrition: the available quantities may be insufficient for meaningful effects, and complex intrahousehold factors determine the allocation of this resource [23, 30] . Moreover, increasing micronutrient quantity may not correct ongoing protein-calorie malnutrition [10] , especially in the presence of other health challenges. Clearly, extended follow-up may be needed to detect differences in nutritional outcomes, especially when the intervention involves complex social changes [7, 10, 12] .
In our study, the Heifer intervention resulted in improvements in socioeconomic status and household income per family member. It was encouraging to see that children under 60 months of age in the intervention group had greater incremental improvements in HAZ and WAZ than children in the control group. These changes were particularly notable in the Terai region. In the most parsimonious model, multiple regression analysis showed improvement in HAZ from baseline to 12 months for children in the intervention group after controlling for child's sex, child's age, and household animal-ownership score at baseline. Moreover, when participation in Heifer activities was evaluated as a "dose effect" using regression analysis, the longer participation in Heifer activities corresponded to better improvements in child HAZ scores. In addition, children with improvement in WAZ of > 1 SD from baseline were more likely to be in households assigned to the intervention group (p < .05).
No striking differences were noted between the intervention and control groups in child health, although some small trends were noted. It was notable that household sanitary practices improved during the Heifer intervention. Changes in household practices take time to become solidified but eventually can result in a healthier environment for children. We did not directly assess whether mothers' participation in Heifer groups and other activities could have adversely affected child outcomes. It is not clear if the use of medical services (higher in the control group) could be considered a proxy measurement for maternal supervision and care. Similarly, we did not measure whether participation in Heifer increased children's household responsibilities and work. However, school attendance was not adversely affected and was similar in the two groups. Introduction of livestock might have increased the children's risk of zoonotic diseases; however, all families had numerous livestock at baseline, so the addition of 2 goats (part of the Heifer intervention, given after about 1 year of other activities) seems unlikely to have had an adverse effect.
The regional differences between the Terai and the hills in our results likely reflect their agroecological dissimilarities, including the type of agriculture practiced, favored livestock, climate, and populations. Moreover, the castes and cultural groups (and their different dietary practices) vary between these two regions [23] . It is also possible that the intervention was more successfully implemented in the Terai. Further analyses of these differences may provide additional insights.
This study had several strengths and weaknesses. Weaknesses in the study design included the inability to follow every child participant at every visit, although we were able to collect data and anthropometric measurements on between 537 and 611 children at each time point. We were also unable to control for the level of participation in the Heifer intervention by each household. Undoubtedly, some households became more involved than others in the offered activities. Moreover, we were unable to control for other factors that might have affected outcomes (such as outbreaks of illness and variable access to medical services).
The strengths of the study included a randomized, controlled design, where the intervention and control groups were equivalent at baseline in socioeconomic status, annual income, and household composition, with the exception of a higher animal-ownership score in the control group. Matched communities received the intervention either at baseline or at 12 months. This staggered-introduction design eliminated variables related to household self-selection for participation, since all households eventually received the intervention. We collected data at intervals throughout the 2 years of the study, reducing seasonal variation, and the baseline, 12-month, and 24-month data were all collected during the same season. Also, inclusion of a control group that received no Heifer activities for the first 12 months of the study allowed comparisons with the intervention group.
We wished to determine if Heifer community development activities, including livestock training and promotion of social capital, enhanced or impaired child health and nutrition. This multisectoral intervention was successful in improving the socioeconomic status and income per household member for participants (for more details about project activities, see Heifer International [28] ). The intervention was conducted without explicit training in child health or nutrition. Nevertheless, participation in Heifer activities corresponded with improvements in child nutritional status, particularly in children under 60 months of age residing in the Terai. This suggests that strengthening social capital in the context of a livestock development project may improve nutritional outcomes of children in participating families, and that this dual approach may have stronger and more lasting benefits than isolated schemes that promote agricultural enhancements [11] . Building nutritional outcomes into impact assessments of agricultural interventions is a fundamental step toward reducing undernutrition in vulnerable populations [7] . Refinement and enhancement of integrated development activities to create a more holistic approach is likely to yield further benefits for young children in project areas.
